SUMMARY The major neutral urinary steroids have been quantitated by capillary gas chromatography and the reproducibility and accuracy of the method have been fully evaluated. Typical intra-and inter-assay coefficients of variation for individual steroids ranged from 4·9 to 10·1 %and from 15·6 to 21· 5 %, respectively. Comparison of steroid values with alternate and commonly employed procedures for measuring urinary 17-oxosteroids, total 17-oxogenic steroids, and cortisol and plasma dehydroepiandrosterone-sulphate yielded correlation coefficients between 0·71 and 0·79.
With the development of immunological techniques for the quantitation of individual steroid hormones, particularly in plasma, the application and use of many urinary steroid assays have waned considerably. This latter occurrence was accelerated by the fact that most colorimetric group steroid estimations were liable to substantial interference from drugs or non-specific urinary pigments-2 and tended to relate poorly with plasma values. 3--5 While measurement of steroid hormones in plasma is preferable to that in urine, the notable circadian rhythms of some steroids and changes in plasma volume pose special problems. Furthermore, the implementation of individual steroid assays in plasma requires prior knowledge of the analyte concerned, an unsatisfactory arrangement when new or unusual steroid defects or disorders may be involved.
Deficiencies are also readily apparent in immunoassay techniques, which in many cases lead to falsely elevated values unless exacting detail is given to the specificity of that particular assay.6-10 These difficulties have been recognised, and a comprehensive validation programme using GC-MS has been "Steroid nomenclature used: THE = 30<,170<,21-trihydroxy-5~-pregnane-ll,20-dione; THF = 30<, 170<,11~,21-tetrahydroxy-Sji-pregnan-Zu-one ; allo-THF 30<,170<,l1~, 21-tetrahydroxy-Se-pregnan-Zu-one ; pregnanediol = 5~-pregnane-30<,200<-diol. tAddress correspondence and reprint requests to GP.
implemented for several of the more common immunoassays.'! An alternative methodology employed in this laboratory is the quantitation of all the major neutral urinary steroids by capillary GC. 12 Application of this technique has led to the unambiguous definition and categorisation of numerous steroid defects.P Other detailed studies by ourselves have established comprehensive normal steroid ranges for women-s 15 and have also investigated the significance of such measurements in male pattern alopecia," peripubertal obesity;' 7 and Cushing's syndrome (G Phillipou, unpublished observations).
In this paper we provide a detailed evaluation of the assay's validity in terms of reproducibility and specificity. The assay data are also compared with alternate steroid measurements in both plasma and urine.
Methods
Urinary steroid measurements were performed, as previously described.P except that a more efficient column was used (Neff > 2S 000 plates) and steroid values are corrected for flame response.
Creatinine measurements were done using a Beckman Creatinine Analyzer 2.
Urinary 17-oxosteroids and total 17-oxogenic steroids were measured using the standard procedure.' 319 
Phil/ipou, Frith, and James
and a correlation coefficient of O' 89. The variation in steroid excretion for three male subjects measured on six different occasions over a 26-day period is summarised in Table 3 . The steroids were quantitated using only 'early morning' urine specimens, and the results are expressed as !Lmo Urinary free and serum cortisol levels were measured in the Clinical Chemistry Department, The Queen Elizabeth Hospital, with a Corning cortisol radioimmunoassay kit. Dehydroepiandrosterone -sulphate (D H E A -S ) levels in plasma were estimated using a direct radioimmunoassay procedure. 9 Normalised androgen ratios (NAR) were measured at the Institute of Medical and Veterinary Science, Adelaide, using their published procedure.IS
Results
Identification of the steroids is based on the retention index.P 19 The reproducibility of these measurements is indicated in Table 1 . Table 2 presents details of the assay's precision, measured for a control urine sample. A typical representative GC trace of the latter sample is illustrated in Figure 1 .Previous work 12 has established the high recoveries associated with the method. Moreover, comparison of the present procedure (x, !Lmol!24 h) with an established GC method (y) for the quantitation of pregnanediols? gave a linear The present GC method is shown to be highly accurate based on several criteria including (a) excellent reproducibility of retention data, (b) gh specificity due to the SCOT column, (c) previously established high recoveries'! and the present significant correlation with an alternate steroid assay, and (d) extensive GC/MS analysis of peaks to confirm homogeneity.P The precision of the assay (Table 2) is quite reasonable when the number of transformations is considered. Furthermore, the reasonable correlation between this method and alternate commonly employed routine procedures (Table 4) implies that their use may be replaced by the present GC method with greater confidence in interpretation due to increased specificity. The discrepancy in values between the routine methods and the GC procedure at the lower range highlights the high blanks associated with the former, particularly 17-oxo steroids and urinary free cortisol.
The urinary steroids quantitated by the GC procedure are predominantly the metabolic products of plasma androstenedione and cortisol. Metabolism of androstenedione leads to androsterone and aetiocholanolone while cortisol forms THE THF and allo-THF. Conversion of DHEA-S (10-15%) is a minor source of urinary androsterone and aetiocholanolone. The levels of DHEA-S in urine are quite variable, and this steroid is not usually a major component of the total 17-oxosteroids. 21 22 In man, the adrenal gland accounts for the daily production of cortisol, DHEA-S, and a greater proportion of the circulating levels of androstenedione. 23 24 The gonads in male subjects, however, are known as a major source of testosterone, which is readily inter-converted via peripheral metabolism to androstenedione, and hence 17-oxo-steroids are generally higher than in female subjects. steroid per mmol creatinine. The fluctuations in steroid values over the period approximate to changes predicted by the assay's (interassay) reproducibility (Table 2) . Table 4 summarises the results of a comparison between the present GC procedure and various different routine methods. Similarly, the relation between morning serum cortisol levels and urinary THE levels based on 'early morning' specimens is depicted in Figure 2 . A significant correlation (P>O'05), however, could not be established between plasma NAR and androsterone and aetiocholanolone (n=18, males).
